Abstract. A purified toxic glycopeptide from Corynebacterium sepedonicum (Speick.) Dows., possesses the capacity to wilt plant cuttings. The toxin induces a rapid g:neral flaccidity in stem tissues followed by a leaf wilt making its effects significantly different from that induced by high molecular weight substances (dextrans). In the latter case, the initial effect of -a dextran induced wilt is a leaf wilt presumably caused iby the plugging of xylem elements. However, physiological experiments including dve transport studies, plasmolytic studies, measurements on electrolytes, studies on the movement of 3H,,O through tomato cuttings, and toxin binding studies all strongly suggest that the primary effect of the toxin is to destroy the integrity of cellular membranes resulting in the net loss of water from the cell. Membrane damage in toxin treated plants was confirmed by electron microscopic observations. Evidence of damage were seen in chloroplasts, m,itochondria, the plasma membrane, and the structural integrity of the cell wall. These effects appeared to be a direct cause ard rot a secondary restult of the toxin as shown by autoradiographic studies using 3H.toxin.
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Phytotoxic polysaccharides from some plant pathogenic bacteria exert their effect on plants by causing wilting. In the case of Pseudomonas solanacearum Husain and Kelman (4) have postulated a causal relationship between toxic polysacsharide production and pathogenicity of the organism. Some of the same pathological relationiships that these authors presented for P. solanacearum have also been reported by Spencer and Gorin (9) for Corynebacteriurn insidiostum and C. sepedonicunt.
In most instances, the mode of action of toxic polysaccharides in wilt induction has been attributed to a blockage of water flow in the vascular system of the plant (4, 6) . This theory has been supported by the following facts: 1) Plant cuttings wilted by polysaccharides regain turgor upon reimmersion in distilled water, and 2) It is extremely difficult to get water to move through a wilted stem when negative pressure is applied at one end of a wilted stem. However, Strobel (11) suggested that some mechanism other than plugging seemed to be necessary to explain the wilting caused by the toxic glycopeptide of C. sepedonicurn. This suggestion was based on the fact that only 50 j,ug of the toxin was necessary to wilt an 8 cm tomato leaf. Thus, this report is a series of experiments done with the ' Supported in part by NSF grants GB-5557 to G. A. purified toxic glycopeptide of C. sepedonicint to elucidate its effects on plant tissues. *The hypothesis of this report is that the glycopeptide of C. sepedonicum acts to induce the flaccidity of plant tissues as a result of interference with cellular membrane systems.
Materials and Methods
The purified phytotoxic glycopeptide used in this study was prepared from cultures of C. sepedonticunt as described by Strobel (11) . The glycopeptide has a molecular weight of 21,450, and empirical formula of C48H96048N, is antigenic and yields glucose, mannose, 3 unidentified compounds and 6 amino acids upon acid hydrolysis. Both '-C-labeled purified toxin (141,400 d'pm/mg) and 3H-labeled toxin (432,000 dpm/mg) were prepared, by feeding 25 ml cultures of C. sepedonicumn, 25 ,uc of mannose-'4C and 0.5 mc of mannose-3H, respectively.
In all studies radioactivity was determined by liquid scintillation countinig on a Nuclear Chicago Model 6804 counter. The solvent and fluor svstem used was the same as that previously described (11). All counts were converted to dpm by the quench correction method.
Tomato plants used were from the variety Earliana and were either young plants (5-8 cm ~TkOfEt ANr)b HFAA-AeTTVIIT' OP A PTTYTOTOXTeC (ThLYCOPEPTI1E wardly from the margins of the leaflets while the leaflets of the dextran treated cuttings wilted in a more general manner. In the toxin treated plant cuttings the time required (5-6 min) for the first trace of dye to reach the tip of the terminal leaflets was the same as that in the water-treated control, whereas at least 35 min was required for the dye to reach the tip of the terminal leaflets of the cuttings in the dextran treated control.
Effect of the Toxin on Plasmolytic Ability of Cells. It is a widely accepted concept that cells with damaged membranes will not plasmolyze when placed in a hypertonic solution (8) . In this study the root systems of intact 2 to 3 week old 4 to 5 cm plants were placed in test solutions of either 2 mg/ml toxin or 2 mg/ml dextran or H20. At the end of a prescribed test period, a 5 mm section of the primary root containinig root hairs was placed in a hypertonic solution (0.5 .xi mannitol). Exposure periods to the toxiniand the conitrols were Leakage of Electrolytes. The tops of plant cuttings treated with toxin, dextran, water or removed from water were periodically rinsed in 10 ml of distilled H2O and the extract checked for conductivity. Figure 1 shows the results of this experiment. Both the dextran treated and the water treated controls exhibited about the same amotunt of electrolyte leakage. Although figure 1 does not illustrate it. the amount of leakage from the wilted control (removed from H20) was the same as that of the other controls up until the first 2 hr after which it became experimentally impossible to rinse the leaves. In the toxin treated cutting, however, Movement of Tritiated Wf'ater. With the experimental set-up described earlier and shown in figuire 2, it was determined that tomato cuttings reached a plateau of continuous 3H2O passage from their stomata after 7 hr. This value under these experimental conditions was about 46,000 dpm. However, all cuttings were allowed to remain at least 20 hr in the chamber prior to being exposed to the variouis treatments. At such time the tritiated water was replaced with distilled H,O for 2 hr and(i a steady decline in the anmount of 3H2O given off was observed. Then, either 10 mg/ml of toxin or 10 mg/ml of dextran was administered to the cuttinlgs. The results of one experiment, typical of several identical experiments, is shown in figure 3 . The water treated control released a smaller amounlt of 3H.,O as a function of time, but this loss was exceeded by that of the dextran treated control. However, there was a sharp experimentally reproducible increase in the amount of 3H,O released from the toxin treated cutting the first hr after treatment, followed bv a sharp decrease in the amount of 3H^O recovered the second hr after treatment.
Binding of '4C-toxin. The buffered extract of '4C-toxin treated cuttings contained 80 % of the total radioactivity taken up by the cutting. Sel)hadex column chromatography of a buffered extract is illustrated in figure 4 . The shaded peak (B) represents the results of columlin chromatography of 3 times the amiiotunit of purified ' toxin as that taken up by the plant cutting. The -oid(l volume of this column wvas 12.0 ml or at tule 8. A peak of radioactivity of the chromnatographed l)lant extract appeared at the void volume of the coltimin. Becanlse of the sieving properties of the Seplhadex G-204) the material in this peak must have ai molecular weight greater than 200,000. Since v7 'c and 3 % of the radioactivity taken up by the cuttinig could be accounted for in the small molectular wveight compounds in the anion anid cation fractions of the plant respectively, this was an indicationi that there may have been toxin breakdowni and reincorporation into niacromolecules of the plalnt. Alternatively, the toxin could have been bindinig to some macromolecules of the plant cells. To resolve this question an additional experiment was done. The contents of tubes 7 through 11 were pooled to give a total volume of 7.5 ml. This solution was adjusted to pH 1.5 with 1.0 N HCI with thle idea of disrupting any hydrogen bonding between the toxin and host cell components. The sample was then flash evaporated to 2.0 ml and l)laced on another Sephadex G-200 column in a manner iden,tical to that already described. The contents of ttubes 20 to 25 from this column were consolidated, flash evaporated, and taken up in 0.5 nil of H2O. A portion of this solution (0.2 ml) was then couinted by the liquid scintillation method. The total number o,f dpnm in tubes 20 to 25) was 90 % of that of a peak A in figure 4 (fig 6-A  comipared with fig 6-B) to lamellar disintegration (fig 6-A compared with fig 6-C and fig 6-D) . Furthermore, mitochondrial membranes in portions of the toxin treated stems that were severely affected became indistinct and the identity of the plasma membrane was lost (fig 6-E compared to fig 6-F) .
In addition, in some severely affected areas, cell walls lost their distinctive pattern of layering as shown in figure 6-D. WA'ilted control stems that were obtained by removing stems from water 30 min before fixation resembled non-toxin treated stems except that chloroplast lamellae in the wilted stems appeared to be indistinct in some areas of the stem and some plasmolysis was observed.
Light Microscopy and Autoradiography. Autoradiographs of 3H-toxin treated tissue sections embedded in paraffin showed that the radioactivity was localized in certain areas of the tissues and indeed, certain areas of the cell. T'his is consistent with the electron microscopic observations of tissues treated with the toxin. This observation is illustrated in figure 7-A in which silver grains are associated with a localized portion of the tissue. Furthermore, the location of radioactivity in the cell appears to be primarily confined to the cytoplasm (fig 7-B) , rather than being uniformly distributed throughout the cell or occurring as a vascular plug or occlusion. This latter point is further corroborated in figure /7-C which shows no silver grains associated with the xylem elements and numerous grains in strand like arrays associatedc with the cytoplasm in an adjacent parenchyma cell.
Discussion
Numerous evidences reported in this paper support the hypothesis that toxic glycopeptide induced wilting in plant tissues is caused as a result of membrane damage.
Thus, when plasma membrane damage occurs the osmotic properties of the cell are alfo destroyed resulting in the net loss of electrolytes and water. Tihis accounts for a drastic reduction in cell turgor producing an overall flaccid condition of the plant. However, the alternate and most widely spread concept of bacterial polysaccharide action is that plugging of the vascular elements occurs resulting in retardation of water flow (4, 6 (fig 6-D) , as suggested bv the physiological studies, other membranes of the cell were also affected. These are primarily the mitochondrial and chloroplast membranes (fig 6-B (Rai and Strobel, unpublished) . This is in agreement with figure 5 that shows some labeling present in the margins of the leaves.
Patino-Mendez (6) observed that water was passed with difficulty through tomato stems treated with the toxin of C. snichiganense when subjected to negative pressure. From this he concluded that plugging was the mechanism of wilting. Since the toxins of C. michiganense appear to behave identically to that of C. sepedonicum (7), it would appear that plugging was indeed involved in the experiments of Patin.o-Mendez. However, e feel that the plugging may have been due to the contents of the weakened parenchyma cells being drawn into the vascular system by the negative pressure.
A substance having phytotoxic and serologicallv properties identical with the glvcopeptide of C. sepedonicum has been isolated from potato plants infected by C. sepedoniicum (12) . We feel that the results of this study may help to explain the mechanism of symptom development in plants infected with C. sepedonicutmn. That is, wilting of the leaflets followed by a more severe general wilt. and eventual chlorosis and necrosis of plant parts.
